DESCRIPTION OF PROBLEM
Although there have been several reports on starting broiler chicks' threonine requirement, less information is available on broilers' requirement for this amino acid after 3 wk of age. The National Research Council (NRC) [l] in 1994 reported a requirement of 0.74% for broilers 3 to 6 wk of age in a diet containing 3200 kcal ME/kg and 20% crude protein but cited no literature supporting this value. After the requirements for methionine and lysine have been met, threonine is usually the third limiting amino acid in diets for broiler chickens. Therefore an accurate assessment of its requirement for broilers at different ages is of practical interest.
The threonine requirement has been reported to be directly related to the protein concentration during the starter phase [2] . Thus the requirement at older ages would likely also be affected by the protein concentration. The experiments reported here were conducted to gain information on the response of broilers to threonine supplementation from 3 to 6 wk of age when fed diets composed of practical feedstuffs with a crude protein content of 20%.
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M A T E R I A L S AND METHODS
The experiments were conducted with the Peterson x Arbor Acres strain of commercial broilers in 1.83 x 2.44 m floor pens with wood shavings litter in an enclosed house. Continuous illumination was provided. The chicks were reared together to 3 wk of age in floor pens and fed a stock crumbled broiler chick starter diet. In the first two experiments, at 3 wk of age the chicks were randomly allotted to the floor pens with 15 birds per pen. The average starting weight of males in Experiment 1 was 634 g. Starting weights of males averaged 698 g and females 639 g in Experiment 2. In the last experiment, only birds within +lo% of the mean body weight (BW) were used. The birds were weighed and placed in five weight categories, which were then randomly distributed into the pens with nine birds per pen. The average starting weight was 613 g. A l l buds were given ad libitum access to feed and water. Records were kept on BW gain and feed consumption by pen during the 3-wk period, and feed efficiency was calculated by dividing the BW gain by the feed consumed. At the end of each experiment five birds per pen were randomly selected and killed by cervical dislocation for determination of abdominal fat content per unit of body weight. Fat surrounding the gizzard and intestines extending to the bursa was considered as abdominal fat.
In Experiment 1, four pens of male birds were fed each of the experimental diets. The wheat-based basal diet shown in Table 1 containing 0.65% analyzed threonine was used. The diet was supplemented with 0, 0.02, 0.04, 0.06, 0.08, and 0.10% L-threonine. In Experiment 2, four pens of male and four pens of female broilers received each of the experimental diets. The grain sorghum diet shown in Table 1 containing 0.61 analyzed threonine was supplemented with 9,0.03,0.06, 0.09, 0.12, and 0.15% L-threonine. The basal diet also contained solvent-extracted peanut meal. The same basal diet was used in Experiment 3; for this experiment, we found that it contained 0.63% threonine by analysis. Four pens of male broilers received each of the experimental diets, and the basal diet was supplemented with 0, 0.02, 0.04, 0.06, 0.08, 0.1, 0.12, and 0.14% L-threonine.
The crude protein content of the diets was analyzed by the Kjeldahl method established by the Association of Official Analytical Chemists [3] . Amino acid content of the diets was determined by anion exchange chromatography; amino acid analytical procedures are detailed by Degussa Corporation [4] .
Within Experiments 1 and 3 and within the sexes in Experiment 2 the parameters were analyzed by regression [5] . Whenever a signrficant F value was obtained (< .OS), the data were analyzed by non-linear regression to estimate the requirement (point at which linear increasing line joins horizontal plateau line). A segmented model based on that of Gallant and Fuller [6] was used to fit the data. Response =maximum -B (requirementinput), I where -B is a constant, and I = 1 when the input is below the requirement, otherwise I=O.
RESULTS AND DISCUSSION
In Experiment 1, adding threonine to the basal diet failed to signrfcantly improve BW gain or feed efficiency, or to affect abdominal fat content (Table 2) . Therefore the requirement for threonine appeared to be no higher than 0.65% (the analyzed value of the basal diet). In Experiment 2, adding threonine to the basal diet for female chickens from 3 to 6 wk of age also failed to improve BW gain or feed eficiency, or to change abdominal fat content ( Table 3 ). The requirement for females thus appears to be no higher than the analyzed value of the basal diet (0.61%). Adding threonine to the diet of males in Experiment 2 also failed to improve feed efficiency or change abdominal fat content, but the increase in BW gain approached significance (P = .06) ( Table 4) .
In Experiment 3, adding threonine to the basal diet significantly improved both BW gain and feed efficiency (Table 5) . Abdominal fat content, however, was not significantly affected. Non-linear regression analysis of the data indicated a requirement of 0.68% for maximum BW gain and 0.70% for maximum feed efficiency. The difference in the responses of males between the two experiments fed the same basal diet may reflect the time of year. Experiment 2 was conducted in August at a time of high ambient temperatures, but Experiment 3 was conducted in late autumn. A summary of the estimated threonine requirements of broilers from 3 to 6 wk of age based on the results of the experiments presented here is given in Table 6 . A concentration of 0.70% threonine for males and 0.60% for females appears adequate for birds fed a diet containing 3200 kcal ME/kg and 20% crude protein. Estimates of digestible threonine requirements were calculated by multiplying the threonine digestibility coefficients in NRC [l] by the analyzed threonine content of each of the basal diet ingredients containing protein.
In on-farm tests in Japan [7] supplementation of a 16% crude protein diet with 2.25 threonine did not affect BW gain but improved feed efficiency when the diets were fed from 21 to 65 days of age. A requirement of not less than 0.63% was indicated. This is less than that suggested for males in the present study, but because the threonine requirement is related to protein concentration [2] , a lower threonine amount should be needed in a 16% protein diet.
Since the early 1990s, when the experiments in the present study were conducted, other reports have appeared in the literature relating to the threonine requirement of older broilers. Rangel-Lug0 et al. 28 days of age by feeding a corn-peanut meal diet containing 20% protein and 3210 kcal ME/kg. The requirement was 0.63% for BW gain and 0.69% for feed efficiency. Webel et al. 191 conducted experiments with 3-to 6-wk-old broilers to estimate the digestible threonine requirement. They used a corn-peanut meal diet containing 20% protein and 3200 kcal ME/kg. Maximum feed efficiency was achieved with 0.61% digestible threonine. Based on a threonine digestibility of 87% for a corn-soy diet, the total requirement for such a diet was calculated to be 0.70%. This estimate is the same as that observed for maximum feed efficiency in Experiment 3 of the present study for male broilers. Thus both studies show a lower requirement than the NRC's 0.74% [l] .
Kidd et al.
[lo] used a 16.8% protein diet containing grain sorghum, soybean meal, and meat and bone meal to study 3-to 6-wk-old broilers' response to threonine supplementation. They indicated that growth and feed conversion of birds fed the low-protein diet containing 0.78% threonine was statistically equivalent to that obtained with a 20% protein diet. Feed conversion, however, was not significantly different for the low-protein diet among threonine levels ranging from 0.60 to 0.78%. Furthermore, abdominal fat as a percentage of BW was consistently higher for all birds fed diets with 16.8% protein than for birds fed the higher-protein diet. The high BW gain observed for the 0.78% threonine diet appears to be an aberrant value; all other BW gains were consistently lower than that of the 20% protein diet.
In Experiment 3, abdominal fat content was not significantly affected by threonine supplementation even though a significant growth and feed efficiency response in males was observed. This is in contrast to that seen with methionine supplementation of a 20% protein diet deficient in sulfur amino acids for broilers from 3 to 6 wk of age [ll] . Growth rate reached a plateau before a minimum abdominal fat content was achieved. Apparently one cannot generalize that the requirement of all amino acids will be higher for minimum carcass fat content than for maximal growth and feed efficiency.
An objective of the present investigations was to estimate the requirement of threonine for broiler chickens during the growing period using diets composed of practical ingredients rather than purified ingredients and/or feedstuffs not readily available to the broiler industry in North America. With a protein specification of 20%, it was diffkult to formulate a diet composed of practical ingredients that would result in a low threonine concentration. In the first experiment, a diet containing wheat as a cereal grain and relatively high levels of corn gluten meal and meat and bone meal resulted in a threonine level 0.09% below the NRC requirement [l] . Adding threonine to this diet, however, failed to improve broiler performance. In the subsequent two experiments, the diet included 15% peanut meal, a feedstuff particularly low in threonine. The reduced threonine concentration led to a significant response to supplementary threonine in male broilers. However, the quantity of peanut meal available for the feed industry is rather limited, so it is seldom used in broiler production. Given the feedstuffs commonly available to the broiler industry and a dietary specification of 20% protein, a diet formulation that would result in a need for threonine supplementation seems unlikely.
CONCLUSIONS AND APPLICATIONS
1. The threonine requirement of 3-to 6-wk-old male broilers fed a 20% protein diet with 2. The threonine requirement for females at the same age is lower. 3. Practical grower diets formulated with 20% protein and commonly available feedstuffs
